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The Role of Lipid Rafts in Virus Assembly. Identification and Character-
ization of Microdomain Partitioning Factors of the HIV-1 Glycoprotein
gp41 using Flim-FRET and Fluorescence Anisotropy Microscopy
Roland Schwarzer, Silvia Scolari, Katharina Imkeller, David Reismann,
Andreas Herrmann.
Humboldt University, Berlin, Germany.
Recent experimental results indicate that host cell invasion as well as assembly
and budding of the Human Immunodeficiency Virus (HIV) are highly choles-
terol dependent. Supposably, cholesterol enriched plasma membrane microdo-
mains, so called rafts, play an important role in different steps of the virus
lifecycle. However, the exact function and molecular background of this sensi-
tivity to bilayer composition remains unknown.
We produced different variants of the HIV transmembrane protein gp41 la-
belled with a yellow fluorescent protein. Fluorescence lifetime imaging
microscopy was used to report Fo¨rster Resonance Energy Transfer (FRET)
between a raft marker labelled with a cyan fluorescent protein and gp41 chi-
meras in living cells. Since it is highly distance dependent, occurring FRET
reflects a co-clustering of both fluorescent protein species in microdomains.
By comparison of FRET efficiencies from different truncation and mutation
variants of gp41, the Cholesterol Recognition Amino Acid Consensus
(CRAC) was identified as main determinant of the protein’s raft partitioning.
Whereas localization and trafficking of the fusion proteins resembled reported
wildtype behaviour, FACS experiments revealed a remarkable influence
of CRAC mutations on plasma membrane perturbation properties of gp41.
Furthermore, using fluorescence polarization anisotropy microscopy it could
be shown, that wildtype gp41 oligomerization occurs at the plasma mem-
brane. Oligomerization of CRAC mutants was found to be significantly
impaired. This suggests a pooling function of lipid rafts not only for interac-
tions with other viral components but also for assemblies of functional homo-
oligomers.
This study is to our knowledge the first live cell approach characterizing gp41
raft partitioning factors and relating lateral plasma membrane sorting to distinct
protein functions and properties.The reported raft dependent oligomerization
might be representative for general mechanisms of microdomain-facilitated
protein interactions.
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Intracellular Dynamics of HIV-Gag: The Role of Calcium and the Activa-
tion of Phospholipase C
Andrea Gramatica, Roland Schwarzer, Andreas Herrmann.
Humbolt University of Berlin, Berlin, Germany.
The assembly of the human immunodeficiency virus type 1 occurs at the
plasma membrane or within late endosomes/multivesicular bodies, and is deter-
mined by the polyprotein Gag. This structural protein is also the only viral com-
ponent necessary and sufficient for the assembly and the release of virus-like
particles (VLPs). It is well known that participation of host cell components
is particularly required for any of the many Gag-encoded functions. In partic-
ular, as already shown by L.S. Ehrlich et al. 2010, the activation of the phos-
pholipase C and the inositol-(1,4,5)-triphosphate receptor, resulting in an
increase of intracellular calcium concentration, are both required for efficient
Gag trafficking and VLPs release.
So far, it is still unclear whether the Gag protein itself or a cellular factor spe-
cifically activates this signaling pathway for the virus release process.
We are interested to investigate the activation and the role of the PLC
signaling pathway in Gag-expressing cells, and how the intracellular
calcium concentration can influence the dynamics of Gag and the VLPs re-
lease-process.
HeLa cells transfected with Gag fused with a fluorescent protein (e.g. EGFP,
EYFP) are our principal tool to investigate the intracellular localization of
the viral protein upon activation or inhibition of the PLC signaling pathway.
Acetoxymethylester-derivates of fluorescent indicators are used to study var-
iations of the calcium concentration in live cells. Chemical inhibitors and
RNAi technology are utilized to turn off the PLC pathway at different steps
and time points. Total Internal Reflection Fluorescence microscopy, Fo¨rster
Resonance Energy Transfer methods and co-immunoprecipitation are applied
to study the localization of Gag at the plasma membrane or in the cell-
interior, and to identify interactions with specific binding partners of the
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The HIV-1 Pre-Integration Complex: Structural and Functional Role of
INI1 and LEDGF, Cellular Cofactors of Viral Integrase
Benoit Maillot1, Sylvia Eiler1, Corinne Crucifix1, Nicolas Levy1,
Karine Pradeau1, Yves Mely2, Dino Moras1, Patrick Schultz1, Marc Ruff1.
1IGBMC, Illkirch, France, 2Faculty of Pharmacy, University of Strasbourg,
Illkirch, France.
Virally encoded integrase (IN) proteins perform several important steps in the
life cycle of retroviruses. During the early events of viral replication the RNA
genome is converted into its cDNA copy which upon interaction with cellular
and viral proteins generates the pre-integration complex (PIC). IN is a perma-
nent component of the PIC. The Integrase Interactor Protein 1 (INI1) a homolog
of yeast SNF5 and the lens epithelial derived growth factor (LEDGF) have been
shown to interact with HIV-1 IN. In order to understand the mechanisms of the
INI1 - mediated inhibition and/or activation functions in the early stage of HIV-
1 infection, we analyzed the structure-function relationships of a quaternary
complex comprising the full length wild type HIV-1 IN, the full length wild-
type LEDGF, the INI1 IN binding domain (173-290) and viral U5 DNA. The
stoichiometry of the components is 4/2/2/2, as shown by mass spectrometry
and FCS. We determined for the first time the binding constants of U5
vDNA for IN by fluorescence anisotropy and found that the dissociation con-
stants of IN/LEDGF and IN/LEDGF/INI1 for U5 vDNA remained in the
same order of magnitude, while INI1 when bound to the IN/LEDGF complex
inhibited the 3’processing reaction. CryoEM and in vitro functional analysis
show that INI1, located within the cellular DNA binding site, inhibits the 3’
processing but not specific viral DNA binding. INI1 stabilizes the highly flex-
ible integrase in a nonproductive conformation. Taken together, our data sug-
gest that the role of INI1 could be to stabilize the highly flexible IN protein in
a conformation that prevent non-specific interaction and auto integration during
nucleosome targeting. Our results provide the basis for a novel type of integrase
inhibitors (conformational inhibitors).
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Translating Bulk Measures of Capsid Assembly Progress into Insights on
Fine-Scale Kinetics and Pathways
Gregory R. Smith, Lu Xie, Xian Feng, Byoungkoo Lee, Russell Schwartz.
Carnegie Mellon University, Pittsburgh, PA, USA.
Virus capsid assembly has become a key model system for studies of compli-
cated self-assembly processes, attracting considerable interest from the bio-
physical modeling community. Simulation methods have proven valuable for
gaining insight into the space of possible kinetics and mechanisms of capsid
assembly, but they have so far been able to say little about the assembly kinetics
of any specific virus. It is not currently possible to directly measure the detailed
interaction rates needed to parameterize a model and there is only a limited
amount of experimental evidence of assembly kinetics available to constrain
possible pathways, almost all of it gathered from in vitro studies of purified
coat proteins. We have developed methods to address this problem that use
data fitting algorithms to learn rate parameters consistent with both structure-
based rule sets and experimental light scattering data on bulk assembly progress
in vitro. Our method combines ideas from gradient-based and response-surface
local optimization methods with a heuristic global search strategy to find
parameter fits that can approximately reproduce experimental measures of
assembly progress. We have applied these methods to data from three capsid
systems - human papillomavirus (HPV), hepatitis B virus (HBV), and cowpea
chlorotic mottle virus (CCMV) - with the resulting fits suggesting three very
different assembly mechanisms. Work is continuing to refine the learned rate
parameters and pathways and explore how these mechanisms might change
when computationally translated into more realistic representations of the as-
sembly environment in vivo in order to more accurately model the assembly
of viral capsids in living cells.
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Uncoating of Mature HIV Capsids Driven by Reverse Transcription
Ioulia Rouzina1, Robijn Bruinsma2.
1University of Minnesota, Minneapolis, MN, USA, 2University of California,
Los Angeles, CA, USA.
Until recently it was a common notion that reverse transcription (RTion) in ret-
roviruses, including HIV, takes place within the cytoplasm of the infected cell
after uncoating of the mature capsid. However, accumulating evidence suggests
that at least some RTion happens inside the capsid, and may be driving the un-
coating. In this theoretical study we consider the problem of mature HIV capsid
uncoating driven by polymerization of double stranded (ds) viral DNA by the
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of NCp7 contained within the capsid drives aggregation of both single stranded
(ss) RNA and dsDNA provided the capsid is intact. The NC-aggregated flexible
ssRNA genome occupies only about 5% of capsid volume. The NC-aggregated
rigid dsDNA genome is expected to form a tightly wound toroid. For a 103-104
base pair (bp) genome length, the size of this toroid is comparable to, or larger
than, the capsid cross-section. At that point either the capsid shell, or the toroid
must deform, depending on their comparative rigidities. Since the experimental
elasticity parameters of the mature HIV capsid are as yet unknown, we consider
both scenarios. In the first case, the capsid is expected to break open (uncoat)
when its stress reaches a critical value as described by the theory of elasticity.
In the second case, the stress generated by the capsid on the growing toroid
eventually stalls the RT. In-vivo HIV uncoating by this mechanism thus
must correspond to the first case. Importantly, we predict that a significant frac-
tion of viral dsDNA can be polymerized by RT in the presence of NCp7 before
uncoating, even for a low stability capsid.
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Structure and RNA Recognition in Recombinant STNV Capsids
Simon Edward Victor Phillips1,2, Stephen W. Lane2, Caitriona A. Dennis2,
Claire L. Lane2, Chi H. Trinh2, Pierre J. Rizkallah3, David H. Bunka2,
Eric C. Dykeman4, Robert Ford2, Amy Barker2, Reidun Twarock4,
Peter G. Stockley2.
1Research Complex at Harwell, Didcot, United Kingdom, 2University of
Leeds, Leeds, United Kingdom, 3University of Cardiff, Cardiff,
United Kingdom, 4University of York, York, United Kingdom.
We have expressed a recombinant form of the coat protein of satellite tobacco
necrosis virus (STNV) in E. Coli using a codon-optimized gene, and shown it
assembles spontaneously into capsids closely resembling the wild-type virus.
The T=1 virus-like particles (VLPs) package the recombinant RNA transcript,
and conditions have been established for disassembly and reassembly in vitro.
We have solved the X-ray crystal structure of the VLP refined it to R/Rfree 17.4/
20.7% at 1.4A˚ resolution. We also collected low resolution X-ray data in the
range 140-6A˚, and the 60-fold averaged electron density map clearly shows
well ordered RNA fragments lodged near the inside surface of the capsid, close
to basic clusters of N-terminal triple helices that extend into the interior of the
particle. The RNA consists of a 3 bp helical stem, with a single unpaired base at
the 3’ end and probably consists of a number of short stem-loops, where the
loop region is disordered.
Using immobilised coat protein monomers placed under reassembly conditions
with ‘free’ coat protein subunits, we have prepared a range of partially assem-
bled coat protein species for RNA aptamer selection. SELEX directed against
the RNA-binding faces of the STNV coat proteins resulted in the isolation of
a series of clones, with motifs that match the STNV1 genome at a number of
positions. The motifs are predicted to fold into stem-loops allowing us to pro-
pose a model for packaging of the RNA genome as a series of stem-loops joined
by single-stranded linkers.
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Morphology and Nanomechanical Properties of the T7 Bacteriophage
Zsuzsanna Vo¨ro¨s, U¨nige Murvai, Tama´s Bozo´, Gabriella Csı´k,
Miklo´s S.Z. Kellermayer.
Department of Biophysics and Radiation Biology, Semmelweis University,
Budapest, Hungary.
The T7 bacteriophage contains a linear molecule of double-stranded DNA
packaged within a proteinaceous capsid. The capsid is thought to play a mecha-
noprotective role and to store the energy necessary for DNA injection into host
bacterium. In previous melting experiments on T7 particles followed with UV-
and CD- spectroscopy two thermal transition steps were detected: one around
65 C and another around 80 C. These transitions are probably due to the loos-
ening of the capsid structure and DNA strand separation, respectively. Conceiv-
ably, these transitions also influence the capsid’s mechanical characteristics. To
investigate the effect of temperature on the morphology and nanomechanical
properties of the T7 bacteriophage, surface-attached particles were studied
with atomic force microscopy and force spectroscopy methods. The experi-
ments were carried out at room temperature, 65 C and 80 C. The surface-
attached virus particles appeared in the AFM images as spherical objects
with a radius of 25-30 nm, a value that correlates with cryo-electron micro-
scopic data. During indentation of the particles we most often observed a force
transition containing two subsequent peaks. Conceivaby, the first peak corre-
sponds to the collapse of the upper shell wall, whereas the second peak to
the rupture of the lower one. The stiffness of T7 phage wall calculated from
the slope of the first transition increased as a function of temperature. In
sum, the temperature-dependent changes related to the structural alteration ofthe T7 capsid’s proteins and its DNA result in global changes in the capsid’s
nanomechanical properties.
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Molecular Dynamics Flexible Fitting of Poliovirus Structural Transitions
During Initiation of Infection at Atomic Resolution
Yaroslav D. Bodnar, Klaus J. Schulten.
University of Illinois at Urbana-Champaign, Urbana, IL, USA.
Poliovirus attaches to the surface of a host cell by binding to the poliovirus re-
ceptor (PVR). Interaction of poliovirus with PVR triggers a conformational
change that converts it from the 160S to the 135S state. The 135S poliovirus
particle unbinds from PVR and directly associates with the membrane to initi-
ate cell entry. Structures of the poliovirus-receptor complex and the 135S
particle are only available as cryo-electron microscopy density maps that do
not resolve atomic details. However, such maps permit atomic level structural
assignment when x-ray structures are flexibly matched to them, for example
through molecular dynamics simulation. The respective method is called
Molecular Dynamics Flexible Fitting (MDFF). A complete atomic model of
the poliovirus 160S particle bound to PVR has been determined by MDFF
with explicit solvent and symmetry restraints based on a 2.2 A˚ x-ray structure
of poliovirus, 3.5 A˚ x-ray structure of the D1-D2 domains of PVR, and an 8.0 A˚
cryoEM structure of the 160S-PVR complex. PVR is found to form extensive
interactions with the core beta strands, GH loop, and C-terminus of the VP1
capsid protein. A complete atomic structure of the poliovirus 135S cell entry
intermediate was also determined by MDFF based on a 9.6 A˚ cryo-EM density
map. Flexible rearrangements of the VP1 GH and VP2 EF loops are observed.
Molecular dynamics simulations based on the 160S-PVR and 135S atomic
structures determined by MDFF provide an opportunity to identify the pathway
of the 160S-to-135S structural transition and visualize the infection process of
a non-enveloped virus in full atomic detail.
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Studies on Predictors of Non-Response of Patients with Hepatitis C Virus
(HCV) Infection following Multiple Interferon-Based Treatments
Yatian Zhang.
The Brookdale University Hospital & Medical Center, Brooklyn, NY, USA.
Statement of Purpose, Innovation or Hypothesis: Studies documented
hepatic iron deposition in HCV infected implicated in the non-response to
therapy. The mechanism remains elusive. This study was a retrospective review
in conjunction with assessing the serum expression of divalent metal trans-
porter 1 (DMT1) in patients with hepatitis C virus infection by immuno dot
blotting.
Methods and Materials: The patients were outpatients in Brookdale Hospital
with chronic hepatitis C infection enrolled in single or multiple Interferon-
based therapeutic trials during 1997- 2007. Non-response was defined when
patients did not achieve a sustained virology response and /or had active vire-
mia at 72 weeks. The antibodies used in this study were rabbit polyclonal sera
been raised against putative extracellular loops of DMT1 through Sigma-
Genosys Company. The sequence of the synthetic peptides used for immuniza-
tion and their location within the primary amino acid sequences were
KPSQSQVLKGMTVP (anti-DMT1 [174-187] and VFAEAFFGKTNEQVVE
(anti DMT1 [260-275]. The detection of reactivity of antibodies to serum anti-
gens was used by immuno dot blotting method.
Results: There were total 93 outpatients with mean age of 46.5 years (range
28-65). There were 3 groups in this study: Response single trial group (R),
Non-Response Single trial (NRS) group and Non-Response Multiple trials
(NRM) group. There were significant difference in AA race, BMI (P<0.0001),
baseline viral load (P<0.005 and p<0.0001) and the reactivity of anti-DMT1 dot
blotting (P<0.005 and p< 0.0001) between R group with NRS group and NRM
group, respectively.
Interpretation, Conclusion or Significance: The NRS is the predictor of non-
response to multiple treatments. The data suggests, but does not prove, that the
reactivity of anti-DMT1 antibodies to the serum of hepatitis C virus infected
patients may be one of the predictors for anti-viral responses.
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Single-Molecule Studies of the Bacteriophage T4 DNA Packaging Motor
Amy Davenport.
UCSD, La Jolla, CA, USA.
Viruses employ many different mechanisms to complete their replication cycle
in an optimal manner. Tailed, double-stranded DNA (dsDNA) bacteriophages
rely on extreme internal pressures within their capsids to eject their genomes
when infecting a host cell. A subset of DNA translocating molecular motors
have evolved to package their genomes into preassembled viral capsids. The
